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ABSTRACT 
Trivalent rare earth (Dy3+ and Sm3+) doped calcium sulfophosphate, 20CaSO4-
(80-x)P2O5-xDy2O3, 20CaSO4-(80-x)P2O5-xSm2O3 and magnesium sulfophosphate 
20MgSO4-(80- x)P2O5-xDy2O3, 20MgSO4-(80-x)P2O5-xSm2O3 with 0.2 ≤ x ≤ 1.5 
mol% of ultra-phosphate glass system were prepared using conventional melt-
quenching method followed by annealing process at 300 ºC for 4 hours. The 
amorphous phase of glass samples were characterized by X-ray diffraction (XRD) 
method, while the structural features of the samples were measured using Fourier 
transform infrared (FTIR) spectroscopy, Raman spectroscopy and nuclear magnetic 
resonance (NMR) spectroscopy. The optical properties of glass samples were 
characterized by ultraviolet-visible-near infrared (UV-Vis-NIR) spectroscopy and 
photoluminescence (PL) spectroscopy. The infrared spectra revealed the bonding link 
of the host affected by modifier oxides (MgO, CaO) and intermediate oxides (SO4). 
Their linkages consist of P-O-P network, PO2 units, PO-, P=O, O-S-O and SO4 groups 
with no evidence of rare earth ions network as a result of the low concentrations of 
dopant. In addition, the similar tetrahedral arrangement was also shown by Raman 
spectra. The NMR spectra were used to identify the phosphate compositional change 
through conversion of Q3 (in P2O5) to Q
2, Q1 and Q0 which follow the predictions of 
the Van Wazer’s model. The NMR spectra affirmed the presence of Q3, Q2, and Q1 
groups, referring to existence of ultra-, meta- and pyrophosphate units, although the 
Q2 and Q1 are more predominant. Changes in Qn distributions in host phosphate 
networks are due to the breaking of P-O-P linkages to form P-O-M networks (where 
M is metal ions). The physical and nuclear properties such as density, molar volume, 
field strength, oxygen packing density, ionic packing density, inter nuclear distance, 
ion concentration and polaron radius were evaluated. The absorption characteristic 
presented by the UV-Vis-NIR spectra showed eight peaks from transition of Sm3+, and 
six peaks for transition of Dy3+ ions. All transitions correspond to the transition from 
ground state to excited state of Sm3+ and Dy3+ ions, respectively. The energy gap 
ranges from 4.090 – 4.185 eV, 4.517 – 4.612 eV and Urbach energy from 0.105 – 
0.119, 0.155 – 0.135 eV with respect to the rare earth ions content. The 
photoluminescence spectra of Dy3+ ions illustrate three prominent bands around 481 
nm (4F9/2 →6H15/2), 577 nm (4F9/2 →6H13/2), and 660 nm (4F9/2 →6H11/2), and for Sm3+ 
ions five peaks were observed around 560 nm (4G5/2 →6H5/2), 597 nm (4G5/2 →6H7/2), 
642 nm (4G5/2 →6H9/2), 703 nm (4G5/2 →6H11/2) and 735 nm (4G5/2 →6H13/2). The 
absorption and emission spectra were used to evaluate the Judd-Ofelt parameters and 
radiative properties such as transition probabilities, radiative lifetimes and branching 
ratios of rare earth ions. Based on this study, calcium sulfophosphate glass and 
magnesium sulfophosphate glass doped with rare earth ions could be suggested as 
promising luminescent host material for solid-state lighting device application. 
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ABSTRAK 
Nadir bumi tiga valensi (Dy3+ dan Sm3+) dop kalsium sulfofosfat 20CaSO4-
(80-x)P2O5-xDy2O3, 20CaSO4-(80-x)P2O5-xSm2O3 dan magnesium sulfofosfat 
20MgSO4-(80-x)P2O5-xDy2O3, 20MgSO4-(80-x)P2O5-xSm2O3 dengan 0.2 ≤ x ≤ 1.5 
mol% dalam sistem kaca ultra-fosfat telah disediakan dengan menggunakan kaedah 
pelindapan lebur lazim yang diikuti dengan proses penyepuhlindapan pada 300 ºC 
selama 4 jam. Fasa amorfus sampel kaca telah dicirikan oleh kaedah pembelauan 
sinar‒X (XRD), sementara ciri-ciri struktur sampel telah diukur menggunakan 
spektroskopi inframerah transformasi Fourier (FTIR), spektroskopi Raman dan 
spektroskopi resonans magnet nuklear (NMR). Sifat optik sampel kaca dicirikan 
melalui spektroskopi ultraungu-cahaya nampak inframerah dekat (UV-Vis-NIR) dan 
spektroskopi fotoluminesens. Spektrum inframerah menunjukkan hubungan ikatan 
hos terjejas oleh oksida pengubahsuai (MgO, CaO) dan oksida pertengahan (SO4). 
Hubungan rangkaian terdiri daripada P-O-P, unit PO2, PO-, P=O, O-S-O dan 
kumpulan SO4, tanpa menunjukkan rangkaian ion-ion nadir bumi disebabkan oleh 
komposisi dopan yang rendah. Tambahan pula, susunan tetrahedral yang sama juga 
ditunjukkan oleh spektrum Raman. Spektrum NMR telah digunakan untuk mengenal 
pasti perubahan komposisi fosfat melalui penukaran Q3 (dalam P2O5) kepada Q
2, Q1 
dan Q0 yang mengikuti ramalan model Van Wazer. Spektrum NMR menegaskan 
kehadiran kumpulan Q3, Q2, dan Q1 yang merujuk kepada kehadiran unit ultra-, meta- 
dan pirofosfat walaupun Q2 dan Q1 lebih dominan. Perubahan dalam taburan Qn dalam 
rangkaian hos fosfat adalah disebabkan oleh pecahnya rangkaian P-O-P untuk 
membentuk rangkaian P-O-M (M merupakan ion logam). Ciri-ciri fizikal dan nuklear 
seperti ketumpatan, isipadu molar, kekuatan medan, ketumpatan kepadatan oksigen, 
ketumpatan padatan ionik, jarak antara nukleus, kepekatan ion dan jejari polaron telah 
ditentukan. Ciri penyerapan yang ditunjukkan oleh spektra UV-Vis-NIR menunjukkan 
lapan puncak dari peralihan ion Sm3+ dan enam puncak untuk peralihan ion Dy3+. 
Semua peralihan adalah masing-masing sepadan dengan peralihan dari keadaan asas 
ke keadaan teruja ion Sm3+ dan Dy3+. Jurang tenaga berjulat dari 4.090 – 4.185 eV, 
4.517 – 4.612 eV dan tenaga Urbach dari 0.105 – 0.119 eV, 0.155 – 0.135 eV menurut 
kandungan ion nadir bumi. Spektrum fotoluminesens bagi ion Dy3+ menunjukkan tiga 
jalur yang menonjol sekitar 481 nm (4F9/2 →6H15/2), 577 nm (4F9/2 →6H13/2), and 660 
nm (4F9/2 →6H11/2), dan bagi ion Sm3+ lima puncak telah dicerap sekitar 560 nm (4G5/2 
→6H5/2), 597 nm (4G5/2 →6H7/2), 642 nm (4G5/2 →6H9/2), 703 nm (4G5/2 →6H11/2) and 
735 nm (4G5/2 →6H13/2). Spektrum serapan dan pancaran telah digunakan untuk 
menentukan parameter Judd-Ofelt dan sifat pancaran seperti kebarangkalian peralihan, 
masa hayat pancaran dan nisbah cabangan ion nadir bumi. Berdasarkan kajian ini, kaca 
kalsium sulfofosfat dan kaca magnesium sulfofosfat yang didop dengan ion nadir bumi 
boleh dicadangkan sebagai bahan hos luminesens berpotensi bagi aplikasi peranti 
pencahayaan keadaan pepejal.  
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CHAPTER 1  
 
 
INTRODUCTION 
1.1 Background of the Research 
Glass is an amorphous solid material which displays the structural 
characteristics of liquid having a glass transition (Tg). It is typically brittle, some are 
transparent and plays a vital role in the progress of society, and used for decoration as 
window panes, packaging (Jars for food, bottles, for drinks), housing and building, 
fibre optic cables etc. According to the American Society for Testing Materials 
(ASTM) defined glass as "an inorganic product of fusion, which has been cooled to a 
rigid condition without crystallizing". It is a mixture of sand and other minerals melted 
together at very high temperature (normally between 900 and 2000°C). The exact 
melting temperature depends on the glass composition. Chemically, a glass is actually 
like a liquid at room temperature, it became softer gradually at higher temperature and 
more like a liquid which allows the glass to be poured, blown, pressed and mould into 
different shapes. Even though, there are other methods used in glass formation, it can 
be formed by chemical vapour deposition (CVD), by sol-gel processing of solution, 
thermal evaporation techniques (TET), Sputtering techniques and by neutron 
irradiation of crystalline materials (Shelby and Schubert, 1997). 
The oxides glasses are formed when metals combine with oxygen, the 
principles that classified cations in glass network are categorized in 3 stages these are; 
Glass formers, Modifiers and Intermediate glasses.  
Network modifiers are alkali or alkaline earth metals oxides that break or 
interrupt the network when they are added to the host materials to increase the 
workability of a glass, examples are CaO, MgO and Na2O3 etc.  
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Intermediate are oxides capable of entering the network of glass formers, 
sometimes to re-enforce other networks. They act as network formers like aluminum, 
but ordinarily, they cannot form glass network themselves rather they join existing 
glass networks added to obtain a special properties examples: Al2O3, Ti3O, TeO2, 
SeO2, WO3 etc (Hussin, 2011) including SO4.  
Addition of modifier oxides e.g K2O; Rb2O to basic constituent (network 
former) such as Phosphate, borate, silicate etc can alter the structure and physical 
properties depending on the quantity added, the properties of modified glass show a 
non-linear behaviour with a gradual increase in alkali oxide. The deviation from 
linearity causes the host anomaly (Saddeek, 2004). The structure of binary phosphate 
is similar to that of binary silicate based on the tetrahedral structure. This structure 
depends on the phosphate content and the content of glass modifier oxides, such as 
CaO, MgO, and Na2O etc. Addition of glass modifier to phosphate glass will increase 
its durability and results in the cleavage of P-O-P linkages to form non-bridging 
oxygen’s (NBOs) thereby disrupting the structure of the glass having covalent P-O-M 
bonds and also ionic cross-linkages between non-bridging oxygen (NBOs). 
The glass formers are the major bulk materials that result in the formation of 
glasses viz: Tellurium oxide (TeO2), Silicon dioxide (SiO2), Phosphorus pentoxide 
(P2O5) and Boron trioxide (B2O3) etc. Other constituent of glasses are the flux 
responsible for reducing the melting temperature of the glass former such as PbO, even 
though,  certain times may lead to the changes in properties of the glass former, while 
colour additive are added to give out a colour to the glass e.g. silver or gold. The 
Fining/Refining agents are to improve the quality characteristics of the glass by 
removing bubbles examples, arsenic, antimony oxides etc.    
Phosphate glasses differ from other glass-former due to the existence of 
terminal oxygen on each network, results in less cross-link, such as terminal oxygen 
(TO) limit the connectivity of phosphate glass structure (PGs) and reduces their inter-
atomic forces and rigidity. This may cause easy in the de-polymerisation process. 
Furthermore, phosphate-based glasses contain a lesser cross-link with the high number 
of TO atoms. When mixed with other metal oxides result in higher flexibility of 
−3
4p
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tetrahedra. For this reason, ranges of phosphate glass formation are expected to be 
wider than the other based glasses (Egan et al., 2000). It has the ability to dissolve 
completely in an aqueous solution, and the dissolution rate is sensitive to glass 
composition (Bunker et al., 1984). This indicates that phosphate-based glasses have 
numerous advantages over the other based glasses due to superior physical properties 
e.g high ultraviolet (UV) transmission (Brow, 2000), high electrical conductivity (Shih 
et al., 2003). This is suitable candidates for technological applications as optical fibers 
for data transmission, host glasses for solid state lasers, solid state batteries and glass-
to-metal sealing (Hassan and Hafid, 2004), poor chemical durability can often limit 
their suitability, although can be improved by modifier addition. It also has high 
thermal expansion coefficients (258 ×10-7 to 99×10-7/℃ ) low melting temperature 
and low glass transition temperature (Tg below 420℃) depending on composition 
(Shih et al., 1998). Low softening temperatures of phosphate glasses make it suitable 
for hermetic seals (Marzouk et al., 2017).  
However, the thermal expansion (αep) of the glass depends on the asymmetry 
of the amplitude of thermal vibrations in the glass. Therefore, the thermal vibration is 
small when there are many strong bonds present in the network. These properties make 
them useful candidates for fast ion conducting materials and other important 
applications (Hassan and Hafid, 2004). 
Ultra-phosphate glass region, are categories of phosphate glass with RO/P2O5 
ratio less than one, where RO or R2O is the modifying oxides, despite the fact that 
hydroxyl (OH) group may serve as a modifier which affects the optical and thermal 
properties of the glass but often neglected. Ultra-phosphate region mostly has a longer 
terminal oxygen (P=O) and a shorter P-O Q3 bond length when compared with any of 
the phosphate polymorphs (Mercier et al., 1999). It is easier in de-polymerization 
processes. 
Sulphur species are found in oxide glasses and melts of volcanic process. 
Commercially, silica glasses batches contain low levels of sulphur (< 0.2 wt.% S) 
which are deliberately added in the form of sulphate refining agent or as sulphide to 
provide a uniquely amber colour (Bingham and Hand, 2008), sulfur when mixed with 
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phosphate glasses are satisfied in immobilizing radioactive waste. Many glasses 
materials are thermally and chemically stable having good electrical conductivity and 
compatibility with electrode materials with a small amount of sulphur. Cadmium 
sulphides attract more interest in the field of integrated optics, opto-electronics and 
photovoltaic devices with a higher quantity of sulfur. The studies are consistent with 
the hypothesis, that sulphur interact with phosphate network by occupying the 
interstice spaces of oxygen in non-bridging position as a weaker cation-network 
interaction, the results in an increased in conductivity within mol % of Sulphur 
(Chowdari et al., 1993).  
Many types of radioactive waste were certainly incorporated in glass for long-
term safe storage (i.e vitrified) contains a larger amount of sulphur. Generally, low 
solubility of sulphate in silicate (SiO2) melts. In oxidation conditions where a waste 
glass melt could be safely operated and this can result in sulphur becoming the waste-
loading limiting constituent (McKeown et al., 2001). Meanwhile, much is still required 
to know more about the relationship between sulfur solubility in phosphate glass 
system. 
Rare earth ions (REI) comprises of lanthanide and actinide, the lanthanides are 
known elements in 4f shell level located insides the atom. Their spectra arising from 
4f–4f transitions which are narrow and insensitive to their environment, unlike 
transition metal in 3d spectra, transitions of these elements by excitation and de-
excitation causes emissions which are detected in the infrared, visible, or ultraviolet 
region. These ions -doped glasses have attracted more attention due to their usefulness 
in many optical applications such as optical fibers and solid state lasers (Amjad et al., 
2013). For optical amplifier applications as well as lasers, host glasses such as 
phosphate, boro-tellurite, and fluoro-iodate glasses are the vastly promising candidate 
(Florez et al., 2000). The ions incorporated in glasses are extensively used in order to 
activate the luminescence and optical materials. The studies provide fundamental data 
on radiative properties such as transition probability, radiative life-time, branching 
ratios and are used for optical device. 
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Trivalent RE ions -doped phosphate glasses have been developed basically for 
IR active optical devices (Sava et al., 2013). The ions attract higher demand for various 
visible lasers and many other light sources when doped with host glasses. Further 
research was developed on phosphate based glasses doped Dy3+ Tb3+ Er3+ and Eu3+ 
(Pisarska et al., 2011) which identify the various colors of red, orange, blue, yellow 
and violet/blue emission. However, this work differs with Pisarka by modifier oxides 
and the dopant. 
The calcium/magnesium sulfate ultra-phosphate glasses –doped rare earth 
(Sm3+ and Dy3+) has been chosen to improve the quality of glasses. The research aims 
to investigate the structure and optical properties of calcium/magnesium sulfate ultra-
phosphate glasses, this may help to verify the luminescence properties of RE materials 
for better efficiency, hoping that the quantitative estimate on both the structure and 
optical studies would be accurate. 
1.2 Research Problem 
Phosphate glass was recognized as a valuable material in optical glasses. 
Incomparable features of phosphate in the structure or optical stability attract more 
attention to many researchers, but due the hygroscopic and volatility in phosphate 
reduces its performance in many applications, this can also have limitations in their 
low absorption and emission cross-section. Other anomalous behaviours in phosphate 
glasses contribute to its setback in vitreous phosphate pentoxide (P2O5). Ultra-
phosphate on the other hand, is chemically unstable with regards to hydrolysis of P-O-
P bonding by atmospheric moisture attack which mean the vitreous phosphate have 
low resistance to moisture (Lu et al., 2015) and the same time.  
Ultra-phosphate region has every tendency in becoming crystal. Hence, if the 
chemical durability were identified the potential application needs to be expanded 
accordingly. To improve the required performance by choosing a suitable modifier 
oxide such as CaO, MgO, ZnO, PbO etc, magnesium oxide added to phosphate exhibit 
a higher forming ability (Karakassides et al., 2004). Many researchers are more 
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interested to study the structure and luminescence properties of binary or multi-
component phosphate glasses doped with RE ions.  Studies on the structural features 
of the phosphate-based glass system especially in the composition of calcium sulfo-
phosphate and magnesium sulfo-phosphate glasses need to be the focus. The effects of 
doping RE ions (Sm3+ and Dy3+) on its optical and luminescence properties and the 
influence of the ions on the structural features need to be studied. The calculated values 
of Judd-Ofelt parameters will be utilized in evaluating the various radiative parameters 
such as transition probabilities radiative lifetimes and branching of rare earth ion 
(REI). 
1.3 Research Objectives 
The objectives of the research are: 
(a)  To determine the amorphous phase of un-doped xCaSO4 (80-x) P2O5, 
xMgSO4 (80-x) P2O5 and doped 20CaSO4 (80-x) P2O5-xSm2O3, 20MgSO4 (80-
x) P2O5-xDy2O3 at different concentration. 
(b)  To determine the influence of calcium sulfate/ magnesium sulfate as a 
modifier oxide on the structure and physical properties of ultra-phosphate 
based glasses.  
(c)  To determine the effect of rare earth ions (Sm3+ and Dy3+) on optical 
(e.g Band gap, Urbach energy) and luminescence properties of calcium sulfate/ 
magnesium sulfate ultra-phosphate glasses at different concentration.  
(d)  To evaluate the Judd-Ofelt intensity parameters (Ωλ) from experimental 
and calculated oscillator strength for Sm3+ and Dy3+ ions so as to demonstrate 
the validity of the theory and to verify the optical quality of the materials.. 
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1.4 Scope of the Research 
In achieving the objectives, the work has the following scope. 
(a)  The amorphous phase of the samples was determined by X-ray 
diffraction (XRD) spectroscopy for calcium sulphate/magnesium sulfate ultra-
phosphate glass doped dysprosium and samarium ion prepared by the melt-
quenching method. 
(b) The structural characterization was also investigated using FTIR, 
Raman and NMR  spectroscopy,  
(c)  Optical and luminescence characterization were identified using 
Photoluminescence and UV-Vis-NIR spectrometer.  
(d) Judd-Ofelt intensity parameter was analyzed and compared with those 
in literature 
1.5 Significant of Research 
The spectroscopic study of phosphate glass doped and un-doped rare earth 
(RE) helped in developing material for optical data transmission, laser amplification, 
fibre optical amplifier or biomedical applications. Phosphates were chosen as a host 
due to its low transition temperature and are well fitted for doping RE ions for optical 
devices (Marino et al., 2001). Phosphate encourages de-polymerization process owing 
to terminal oxygen availability, de-polymerization is important in increasing the 
phosphate durability. Also, the used of ultra-phosphate (Q3) glasses phase contain a 
relatively larger amount of hydroxyl group responsible for protonic conductor 
(Mercier et al., 1998, Mercier et al., 1999), another side, lesser work has been observed 
on ultra-phosphate glass phase.  
Due to the limited research based on xCaSO4-(100-x) P2O5 and  xMgSO4-(100-
x) P2O5 glass system doped rare earth ions. Therefore, the present study is aimed to 
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understand the effect of RE3+ (Sm3+, Dy3+) ions and to analyze the optical and 
luminescence properties of the samples. Consequently, the spectroscopic studies will 
give information about the efficiency of the samples; it can also give a better 
understanding of the structural and optical features of sulphate containing alkaline 
earth. The remarkable outcomes of this study will help in developing many functional 
glasses and long afterglow material. Therefore, knowing the structure and optical and 
luminescence characteristics of the glass system will contribute to the new knowledge 
in material field. 
1.6 Thesis Plan 
Preparation and characterization of REI (Sm3+ and Dy3+) doped phosphate-
based glasses using conventional melt quench method will be discussed below, the 
thesis comprises of five chapters viz; 
Chapter 1: Present the background of the research and an overview mentioned 
with emphasis on the development of phosphate glasses including the behaviour of 
REI, research problems, research objectives, scope of research and significance of the 
study including the thesis outline. 
Chapter 2: Explores the literature review on magnesium/calcium sulfo-
phosphate glasses with other modifier oxides; Phosphate based glass, modifier pseude-
reaction on phosphate glass, XRD, FTIR, Raman and NMR analysis on phosphate 
glass, Structure by IR, Raman and NMR,  optical, luminescence properties and the 
Judd-Ofelt analysis was also discussed. 
Chapter 3: Demonstrate the experimental method which includes Samples 
preparation by the melt-quench method, samples instrumentation on XRD, FTIR, 
Raman, NMR, UV-Vis-NIR and Photoluminescence spectroscopy.  
Chapter 4: The results of our findings were discussed in this chapter which 
serves as the most important part of the thesis. 
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Chapter 5: Conclusion and the future perspectives 
 
 
 
 
 
 
 
 153 
REFERENCES 
Abrahams, I., Franks, K., Hawkes, G. E., Philippou, G., Knowles, J., Bodart, P. & 
Nunes, T. 1997. \23Na, 27 Al and 31P NMR and X-ray powder diffraction 
study of Na/Ca/Al phosphate glasses and ceramics. Journal of Materials 
Chemistry, 7, 1573-1580. 
Agarwal, A., Pal, I., Sanghi, S. & Aggarwal, M. 2009. Judd–Ofelt parameters and 
radiative properties of Sm3+ ions doped zinc bismuth borate glasses. Optical 
materials, 32, 339-344. 
Ahmadi, F., Hussin, R. & GhoshaL, S. 2016. Optical transitions in Dy3+-doped 
magnesium zinc sulfophosphate glass. Journal of Non-Crystalline Solids, 452, 
266-272. 
Ahmadi, F., Hussin, R. & Ghoshal, S. 2017. Spectroscopic attributes of Sm3+ doped 
magnesium zinc sulfophosphate glass: Effects of silver nanoparticles inclusion. 
Optical materials, 73, 268-276. 
Ajithkumar, G., Gupta, P., Jose, G. & Unnikrishnan, N. 2000. Judd–Ofelt intensity 
parameters and laser analysis of Pr3+ doped phosphate glasses sensitized by 
Mn2+ ions. Journal of Non-Crystalline Solids, 275, 93-106. 
Al-Ani, S., Hogarth, C. & El-Malawany, R. 1985. A study of optical absorption in 
tellurite and tungsten-tellurite glasses. Journal of materials science, 20, 661-
667. 
Amjad, R. J., Sahar, M., Ghoshal, S., Dousti, M. & Arifin, R. 2013. Synthesis and 
characterization of Dy3+ doped zinc–lead-phosphate glass. Optical materials, 
35, 1103-1108. 
Annapurna, K., Dwivedi, R., Kundu, P. & Buddhudu, S. 2003. Fluorescence properties 
of Sm3+: ZnCl2  BaCl2  LiCl glass. Materials research bulletin, 38, 429-
436. 
Ardelean, I., Rusu, D., Andronache, C. & Ciobotă, V. 2007. Raman study of 
xMeO·(100− x)[P2O5· Li2O](MeO⇒ Fe2O3 or V2O5) glass systems. Materials 
Letters, 61, 3301-3304. 
Awang, A., Ghoshal, S., Sahar, M., Dousti, M. R., Amjad, R. J. & Nawaz, F. 2013. 
Enhanced spectroscopic properties and Judd–Ofelt parameters of Er-doped 
tellurite glass: Effect of gold nanoparticles. Current Applied Physics, 13, 1813-
1818. 
Azizan, S., Hashim, S., Razak, N., Mhareb, M., Alajerami, Y. & Tamchek, N. 2014. 
Physical and optical properties of Dy3+: Li2O–K2O–B2O3 glasses. Journal of 
Molecular Structure, 1076, 20-25. 
154 
Azmi, S. A. M. & Sahar, M. 2015. Optical response and magnetic characteristic of 
samarium doped zinc phosphate glasses containing nickel nanoparticles. 
Journal of Magnetism and Magnetic Materials, 393, 341-346. 
Babu, A. M., Jamalaiah, B., Kumar, J. S., Sasikala, T. & Moorthy, L. R. 2011. 
Spectroscopic and photoluminescence properties of Dy3+-doped lead tungsten 
tellurite glasses for laser materials. Journal of Alloys and Compounds, 509, 
457-462. 
Babu, S., Balakrishna, A., Rajesh, D. & Ratnakaram, Y. 2014. Investigations on 
luminescence performance of Sm3+ ions activated in multi-component fluoro-
phosphate glasses. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 122, 639-648. 
Basavapoornima, C., Jayasankar, C. & Chandrachoodan, P. 2009. Luminescence and 
laser transition studies of Dy3+: K–Mg–Al fluorophosphate glasses. Physica B: 
Condensed Matter, 404, 235-242. 
Bingham, P. & Hand, R. 2008. Sulphate incorporation and glass formation in 
phosphate systems for nuclear and toxic waste immobilization. Materials 
research bulletin, 43, 1679-1693. 
Brahmaiah, A., Krishna, S. B. M., Kondaiah, M., Prasad, T. B. N. & Rao, D. K. 2009. 
Influence of chromium ions on dielectric and spectroscopic properties of Na2O-
PbO-B2O3 glass system. In: IOP Conference Series: Materials Science and 
Engineering, IOP Publishing 2, 223-238 
Brow, R. K. 2000. the structure of simple phosphate glasses. Journal of Non-
Crystalline Solids, 263, 1-28. 
Brow, R. K., Tallant, D. R., Myers, S. T. & Phifer, C. C. 1995. The short-range 
structure of zinc polyphosphate glass. Journal of Non-Crystalline Solids, 191, 
45-55. 
Bulus, I., Dalhatu, S., Hussin, R., Wan Shamsuri, W. & Yamusa, Y. 2017. The role of 
dysprosium ions on the physical and optical properties of lithium-
borosulfophosphate glasses. International Journal of Modern Physics B, 31, 
1750101. 
Bumbrah, G. S. & Sharma, R. M. 2016. Raman spectroscopy–Basic principle, 
instrumentation and selected applications for the characterization of drugs of 
abuse. Egyptian Journal of Forensic Sciences, 6, 209-215. 
Bunker, B., Arnold, G. & Wilder, J. 1984. Phosphate glass dissolution in aqueous 
solutions. Journal of Non-Crystalline Solids, 64, 291-316. 
 155 
Carnall, W., Fields, P. & Rajnak, K. 1968. Electronic energy levels in the trivalent 
lanthanide aquo ions. I. Pr3+, Nd3+, Pm3+, Sm3+, Dy3+, Ho3+, Er3+, and Tm3+. 
The Journal of chemical physics, 49, 4424-4442. 
Chahine, A., Et-Tabirou, M., Elbenaissi, M., Haddad, M. & Pascal, J. 2004a. Effect of 
CuO on the structure and properties of (50− x/2) Na2O.xCuO (50− x/2) P2O5 
glasses. Materials Chemistry and Physics, 84, 341-347. 
Chahine, A., Et-Tabirou, M. & Pascal, J. 2004b. FTIR and Raman spectra of the Na2O–
CuO–Bi2O3–P2O5 glasses. Materials Letters, 58, 2776-2780. 
Chanshetti, U., Shelke, V., Jadhav, S., Shankarwar, S., Chondhekar, T., Shankarwar, 
A., Sudarsan, V. & Jogad, M. 2011. Density and molar volume studies of 
phosphate glasses. Facta universitatis-series: Physics, Chemistry and 
Technology, 9, 29-36. 
Chaudhry, M. A. & Altaf, M. 1998. Optical absorption studies of sodium cadmium 
phosphate glasses. Materials Letters, 34, 213-216. 
Chowdari, B., Mok, K., Xie, J. & Gopalakrishnan, R. 1993. Spectroscopic and 
electrical studies of silver sulfophosphate glasses. Journal of Non-Crystalline 
Solids, 160, 73-81. 
Da, N., Grassmé, O., Nielsen, K. H., Peters, G. & Wondraczek, L. 2011. Formation 
and structure of ionic (Na, Zn) sulfophosphate glasses. Journal of Non-
Crystalline Solids, 357, 2202-2206. 
Dayanand, C., Bhikshamaiah, G., Tyagaraju, V. J., Salagram, M. & Murthy, A. K. 
1996. Structural investigations of phosphate glasses: a detailed infrared study 
of the x(PbO)-(1− x)P2O5 vitreous system. Journal of materials science, 31, 
1945-1967. 
Dias, A. G. 2005. Biodegradable glass ceramics for bone regeneration. PhD thesis                  
10-15 
Dimitrov, V. & Komatsu, T. 2010. An interpretation of optical properties of oxides 
and oxide glasses in terms of the electronic ion polarizability and average 
single bond strength. J. Univ. Chem. Technol. Metall, 45, 219-250. 
Dousti, M. R., Ghoshal, S., Amjad, R. J., Sahar, M., Nawaz, F. & Arifin, R. 2013. 
Structural and optical study of samarium doped lead zinc phosphate glasses. 
Optics Communications, 300, 204-209. 
Doweidar, H., Moustafa, Y., El-Egili, K. & Abbas, I. 2005. Infrared spectra of Fe2O3–
PbO–P2O5 glasses. Vibrational Spectroscopy, 37, 91-96. 
156 
Egan, J., Wenslow, R. & Mueller, K. 2000. Mapping aluminum/phosphorus 
connectivities in aluminophosphate glasses. Journal of Non-Crystalline Solids, 
261, 115-126. 
El-Deen, L. S., Al Salhi, M. & Elkholy, M. 2008. Spectral properties of PbO–P2O5 
glasses. Journal of Non-Crystalline Solids, 354, 3762-3766. 
El-Mallawany, R. A. 2016. Tellurite glasses handbook: physical properties and data, 
CRC press. Press Baca Raton. 539-545 
Eraiah, B. & Bhat, S. G. 2007. Optical properties of samarium doped zinc–phosphate 
glasses. Journal of Physics and Chemistry of Solids, 68, 581-585. 
Farouk, M., Samir, A., Metawe, F. & Elokr, M. 2013. Optical absorption and structural 
studies of bismuth borate glasses containing Er3+ ions. Journal of Non-
Crystalline Solids, 371, 14-21. 
Fayon, F., Massiot, D., Suzuya, K. & Price, D. L. 2001. 31P NMR study of magnesium 
phosphate glasses. Journal of Non-Crystalline Solids, 283, 88-94. 
Florez, A., Jerez, V. & Florez, M. 2000. Optical transitions probabilities of Dy3+ ions 
in fluoroindate glass. Journal of Alloys and Compounds, 303, 355-359. 
Gandhi, Y., Kityk, I., Brik, M., Rao, P. R. & Veeraiah, N. 2010. Influence of tungsten 
on the emission features of Nd3+, Sm3+ and Eu3+ ions in ZnF2–WO3–TeO2 
glasses. Journal of Alloys and Compounds, 508, 278-291. 
Georgescu, Ş., Ştefan, A., Toma, O. & Voiculescu, A.-M. 2015. Judd–Ofelt analysis 
of Ho3+ doped in ceramic CaSc2O4. Journal of luminescence, 162, 174-179. 
Goldner, P. 2003. Accuracy of the Judd—Ofelt theory. Molecular Physics, 101, 903-
908. 
Gomes, J., Lima, A., Sandrini, M., Medina, A., Steimacher, A., Pedrochi, F. & 
Barboza, M. 2017. Optical and spectroscopic study of erbium doped calcium 
borotellurite glasses. Optical materials, 66, 211-219. 
Ha, H. M., Hoa, T. T. Q. & Long, N. N. 2017. Optical properties and Judd–Ofelt 
analysis of Sm ions in Lanthanum trifluoride nanocrystals. Journal of 
Materials Science: Materials in Electronics, 28, 884-891. 
Hafid, M., Jermoumi, T., Niegisch, N. & Mennig, M. 2001. Thermal and infrared 
characterization of new barium-iron-metaphosphate glasses. Materials 
research bulletin, 36, 2375-2382. 
 157 
Hafid, M., Jermoumi, T., Toreis, N. & Ghailassi, T. 2002. Structure of (45− x) Na2O–
xBaO–5ZnO–50P2O5 glasses studied by DSC and infrared spectroscopy. 
Materials Letters, 56, 486-490. 
Halimah, M., Daud, W., Sidek, H., Zaidan, A. & Zainal, A. 2010. Optical properties 
of ternary tellurite glasses. Mater. Sci. Pol, 28, 173. 
Hartmann, P., Vogel, J. & Schnabel, B. 1994. NMR study of phosphate glasses and 
glass ceramic structures. Journal of Non-Crystalline Solids, 176, 157-163. 
Hassan, J. & Hafid, M. 2004. Properties of vitreous barium zinc mixed metaphosphate. 
Materials research bulletin, 39, 1123-1130. 
He, B. B. 2018. Two-dimensional X-ray diffraction, John Wiley & Sons. Inc. 16-25 
Higazy, A. 1995. Electrical conductivity and dielectric constant of magnesium 
phosphate glasses. Materials Letters, 22, 289-296. 
Higazy, A. & Bridge, B. 1985. Infrared spectra of the vitreous system Co3O4-P2O5 and 
their interpretation. Journal of materials science, 20, 2345-2358. 
Hogarth, C. & Ghauri, M. 1979. The preparation of cadmium phosphate and cadmium 
zinc phosphate glasses and their electrical and optical properties. Journal of 
materials science, 14, 1641-1646. 
Hraiech, S., Ferid, M., Guyot, Y. & Boulon, G. 2013. Structural and optical studies of 
Yb3+, Er3+ and Er3+/Yb3+ co-doped phosphate glasses. Journal of Rare Earths, 
31, 685-693. 
Hudgens, J. J., Brow, R. K., Tallant, D. R. & Martin, S. W. 1998. Raman spectroscopy 
study of the structure of lithium and sodium ultraphosphate glasses. Journal of 
Non-Crystalline Solids, 223, 21-31. 
Hussain, N. S., Annapurna, K., Reddy, Y. P. & Buddhudu, S. 2002. 
Photoluminescence spectra of Sm3+: PbO-Bi2O3-GeO2 glasses. Journal of 
materials science letters, 21, 397-399. 
Hussin, R. 2011. Structural studies of glass by Nuclear Magnetic Resonance, Penerbit 
UTM Press.1-9 
Hussin, R., Holland, D. & Dupree, R. 2002. A MAS NMR structural study of cadmium 
phosphate glasses. Journal of Non-Crystalline Solids, 298, 32-42. 
Hussin, R., Salim, M. A., Alias, N. S., Abdullah, M. S., Abdullah, S., Fuzi, S. A. A., 
Hamdan, S. & Yusuf, M. N. M. 2009. Vibrational Studies of Calcium 
Magnesium Ultraphosphate Glasses. Malaysian Journal of Fundamental and 
Applied Sciences, 5.41-53 
158 
Ismail, S., Sahar, M. & Ghoshal, S. 2016. Physical and absorption properties of 
titanium nanoparticles incorporated into zinc magnesium phosphate glass. 
Materials Characterization, 111, 177-182. 
Ivascu, C., Gabor, A. T., Cozar, O., Daraban, L. & Ardelean, I. 2011. FT-IR, Raman 
and thermoluminescence investigation of P2O5–BaO–Li2O glass system. 
Journal of Molecular Structure, 993, 249-253. 
Jamalaiah, B., Kumar, J. S., Babu, A. M., Suhasini, T. & Moorthy, L. R. 2009. 
Photoluminescence properties of Sm3+ in LBTAF glasses. Journal of 
luminescence, 129, 363-369. 
Jayasankar, C. & Babu, P. 2000. Optical properties of Sm3+ ions in lithium borate and 
lithium fluoroborate glasses. Journal of Alloys and Compounds, 307, 82-95. 
Jayasimhadri, M., Moorthy, L., Saleem, S. & Ravikumar, R. 2006. Spectroscopic 
characteristics of Sm3+-doped alkali fluorophosphate glasses. Spectrochimica 
Acta Part A: Molecular and Biomolecular Spectroscopy, 64, 939-944. 
Jen, J. & Kalinowski, M. 1980. An ESCA study of the bridging to non-bridging oxygen 
ratio in sodium silicate glass and the correlations to glass density and refractive 
index. Journal of Non-Crystalline Solids, 38, 21-26. 
Jlassi, I., Elhouichet, H., Hraiech, S. & Ferid, M. 2012. Effect of heat treatment on the 
structural and optical properties of tellurite glasses doped erbium. Journal of 
luminescence, 132, 832-840. 
Judd, B. 1962. Optical absorption intensities of rare-earth ions. Physical Review, 127, 
750. 
Kansal, I., Goel, A., Tulyaganov, D. U., Rajagopal, R. R. & Ferreira, J. M. 2012. 
Structural and thermal characterization of CaO–MgO–SiO2–P2O5–CaF2 
glasses. Journal of the European Ceramic Society, 32, 2739-2746. 
Karakassides, M., Saranti, A. & Koutselas, I. 2004. Preparation and structural study of 
binary phosphate glasses with high calcium and/or magnesium content. 
Journal of Non-Crystalline Solids, 347, 69-79. 
Karunakaran, R., Marimuthu, K., Babu, S. S. & Arumugam, S. 2010. Dysprosium 
doped alkali fluoroborate glasses—Thermal, structural and optical 
investigations. Journal of luminescence, 130, 1067-1072. 
Kesavulu, C. & Jayasankar, C. 2011. White light emission in Dy3+-doped lead 
fluorophosphate glasses. Materials Chemistry and Physics, 130, 1078-1085. 
 159 
Kesavulu, C. & Jayasankar, C. 2012. Spectroscopic properties of Sm3+ ions in lead 
fluorophosphate glasses. Journal of luminescence, 132, 2802-2809. 
Kindrat, I., Padlyak, B. & Drzewiecki, A. 2015. Luminescence properties of the Sm-
doped borate glasses. Journal of luminescence, 166, 264-275. 
Kiran, N. & Kumar, A. S. 2013. White light emission from Dy3+ doped sodium–lead 
borophosphate glasses under UV light excitation. Journal of Molecular 
Structure, 1054, 6-11. 
Kumar, M. V., Jamalaiah, B., Gopal, K. R. & Reddy, R. 2012. Optical absorption and 
fluorescence studies of Dy3+-doped lead telluroborate glasses. Journal of 
luminescence, 132, 86-90. 
Kundu, R., Dhankhar, S., Punia, R., Nanda, K. & Kishore, N. 2014. Bismuth modified 
physical, structural and optical properties of mid-IR transparent zinc boro-
tellurite glasses. Journal of Alloys and Compounds, 587, 66-73. 
Lachheb, R., Damak, K., Assadi, A., Herrmann, A., Yousef, E., Rüssel, C. & Maâlej, 
R. 2015. Characterization of Tm3+ doped TNZL glass laser material. Journal 
of luminescence, 161, 281-287. 
Lachheb, R., Herrmann, A., Assadi, A., Reiter, J., Körner, J., Hein, J., Rüssel, C., 
Maâlej, R. & Damak, K. 2018. Judd–Ofelt analysis and experimental 
spectroscopic study of erbium doped phosphate glasses. Journal of 
luminescence, 201, 245-254. 
Lai, Y., Liang, X., Yang, S., Wang, J. & Zhang, B. 2012. Raman spectra study of iron 
phosphate glasses with sodium sulfate. Journal of Molecular Structure, 1013, 
134-137. 
Lakshminarayana, G. & Buddhudu, S. 2006. Spectral analysis of Sm3+ and Dy3+: 
B2O3–ZnO–PbO glasses. Physica B: Condensed Matter, 373, 100-106. 
Lakshminarayana, G., Kaky, K. M., Baki, S., Lira, A., Nayar, P., Kityk, I. & Mahdi, 
M. 2017. Physical, structural, thermal, and optical spectroscopy studies of 
TeO2–B2O3–MoO3–ZnO–R2O (R= Li, Na, and K)/MO (M= Mg, Ca, and Pb) 
glasses. Journal of Alloys and Compounds, 690, 799-816. 
Lakshminarayana, G., Sagar, R. V. & Buddhudu, S. 2008. Emission analysis of Dy3+ 
and Pr3+: Bi2O3–ZnF2–B2O3–Li2O–Na2O glasses. Physica B: Condensed 
Matter, 403, 81-86. 
160 
Lakshminarayana, G., Yang, R., Mao, M. & Qiu, J. 2009. Spectral analysis of RE3+ 
(RE= Sm, Dy, and Tm): P2O5–Al2O3–Na2O glasses. Optical materials, 31, 
1506-1512. 
Leng, Y. 2009. Materials characterization: introduction to microscopic and 
spectroscopic methods, John Wiley & Sons.Hong Kong University of Science 
and Technology. 49-54 
Lim, K.-S., Vijaya, N., Kesavulu, C. & Jayasankar, C. 2013. Structural and 
luminescence properties of Sm3+ ions in zinc fluorophosphate glasses. Optical 
materials, 35, 1557-1563. 
Limkitjaroenporn, P., Kaewkhao, J., Limsuwan, P. & Chewpraditkul, W. 2011. 
Physical, optical, structural and gamma-ray shielding properties of lead sodium 
borate glasses. Journal of Physics and Chemistry of Solids, 72, 245-251. 
Linganna, K., Haritha, P., Krishnaiah, K. V., Venkatramu, V. & Jayasankar, C. 2014. 
Optical and luminescence properties of Dy3+ ions in K–Sr–Al phosphate 
glasses for yellow laser applications. Applied Physics B, 117, 75-84. 
Liu, G. & Jacquier, B. 2006. Spectroscopic properties of rare earths in optical 
materials, Springer Science & Business Media. 
Lu, M., Wang, F., Liao, Q., Chen, K., Qin, J. & Pan, S. 2015. FTIR spectra and thermal 
properties of TiO2-doped iron phosphate glasses. Journal of Molecular 
Structure, 1081, 187-192. 
Luo, W., Liao, J., Li, R. & Chen, X. 2010. Determination of Judd–Ofelt intensity 
parameters from the excitation spectra for rare-earth doped luminescent 
materials. Physical Chemistry Chemical Physics, 12, 3276-3282. 
Mahamuda, S., Swapna, K., Packiyaraj, P., Rao, A. S. & Prakash, G. V. 2014. Lasing 
potentialities and white light generation capabilities of Dy3+ doped oxy-
fluoroborate glasses. Journal of luminescence, 153, 382-392. 
Mahraz, Z. A. S., Sahar, M. & Ghoshal, S. 2014. Band gap and polarizability of boro-
tellurite glass: influence of erbium ions. Journal of Molecular Structure, 1072, 
238-241. 
Marino, A., Arrasmith, S., Gregg, L., Jacobs, S., Chen, G. & Duc, Y. 2001. Durable 
phosphate glasses with lower transition temperatures. Journal of Non-
Crystalline Solids, 289, 37-41. 
Marzouk, M., Elbatal, F., Elbadry, K. & Elbatal, H. 2017. Optical, structural and 
thermal properties of sodium metaphosphate glasses containing Bi2O3 with 
 161 
interactions of gamma rays. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 171, 454-460. 
Marzouk, M., Ouis, M. & Hamdy, Y. 2012. Spectroscopic studies and luminescence 
spectra of Dy 2 O 3 doped lead phosphate glasses. Silicon, 4, 221-227. 
Mawlud, S. Q., Ameen, M. M., Sahar, M. R., Mahraz, Z. A. S. & Ahmed, K. F. 2017. 
Spectroscopic properties of Sm3+ doped sodium-tellurite glasses: Judd-Ofelt 
analysis. Optical materials, 69, 318-327. 
Mazurak, Z., Bodył, S., Lisiecki, R., Gabryś-Pisarska, J. & Czaja, M. 2010. Optical 
properties of Pr3+, Sm3+ and Er3+ doped P2O5–CaO–SrO–BaO phosphate glass. 
Optical materials, 32, 547-553. 
Mckeown, D. A., Muller, I. S., Gan, H., Pegg, I. L. & Kendziora, C. A. 2001. Raman 
studies of sulfur in borosilicate waste glasses: sulfate environments. Journal of 
Non-Crystalline Solids, 288, 191-199. 
Mercier, C., Montagne, L., Sfihi, H. & Palavit, G. 1999. Surface alteration of zinc 
ultraphosphate glass in humid air at 140° C. Journal of Non-Crystalline Solids, 
256, 124-129. 
Mercier, C., Montagne, L., Sfihi, H., Palavit, G., Boivin, J. & Legrand, A. 1998. Local 
structure of zinc ultraphosphate glasses containing large amount of hydroxyl 
groups: 31P and 1H solid state nuclear magnetic resonance investigation. 
Journal of Non-Crystalline Solids, 224, 163-172. 
Moguš-Milanković, A., Pavić, L., Reis, S. T., Day, D. E. & Ivanda, M. 2010. Structural 
and electrical properties of Li2O–ZnO–P2O5 glasses. Journal of Non-
Crystalline Solids, 356, 715-719. 
Mohammed, A.-B., Lakshminarayana, G., Baki, S., Halimah, M., Kityk, I. & Mahdi, 
M. 2017. Structural, thermal, optical and dielectric studies of Dy3+: B2O3-ZnO-
PbO-Na2O-CaO glasses for white LEDs application. Optical materials, 73, 
686-694. 
Moustafa, Y. & El-Egili, K. 1998. Infrared spectra of sodium phosphate glasses. 
Journal of Non-Crystalline Solids, 240, 144-153. 
Murthy, K. & Virk, H. S. Year. Luminescence phenomena: An introduction. In:  
Defect and Diffusion Forum, 2014. Trans Tech Publ, 1-34. 
Narayanan, M. K. & Shashikala, H. 2015. Physical, mechanical and structural 
properties of BaO–CaF2–P2O5 glasses. Journal of Non-Crystalline Solids, 430, 
79-86. 
162 
Nazabal, V., Todoroki, S., Nukui, A., Matsumoto, T., Suehara, S., Hondo, T., Araki, 
T., Inoue, S., Rivero, C. & Cardinal, T. 2003. Oxyfluoride tellurite glasses 
doped by erbium: thermal analysis, structural organization and spectral 
properties. Journal of Non-Crystalline Solids, 325, 85-102. 
Ofelt, G. 1962. Intensities of crystal spectra of rare‐earth ions. The Journal of 
chemical physics, 37, 511-520. 
Parker, J. 2015. Chemistry: Quantum Mechanics and Spectroscopy I-eBooks and 
textbooks from bookboon. com. bookboon. com.135-145 
Parker, R., Freedlander, R. S. & Dunlap, R. B. 1980. The development of room 
temperature phosphorescence into a new technique for chemical 
determinations: Part 1. Physical Aspects of Room Temperature 
Phosphorescence. Analytica Chimica Acta, 119, 189-205. 
Pisarska, J., Żur, L., Goryczka, T. & Pisarski, W. 2011. Local structure and 
luminescent properties of lead phosphate glasses containing rare earth ions. 
Journal of Rare Earths, 29, 1157-1160. 
Prakash, G. V. & Jagannathan, R. 1999. Fluorescence properties of Eu3+ doped lead 
bearing fluoro-chloro phosphate glasses. Spectrochimica Acta Part A: 
Molecular and Biomolecular Spectroscopy, 55, 1799-1808. 
Prakash, G. V., Rao, D. N. & Bhatnagar, A. 2001. Linear optical properties of niobium-
based tellurite glasses. Solid State Communications, 119, 39-44. 
Praveena, R., Venkatramu, V., Babu, P. & Jayasankar, C. 2008a. Fluorescence 
spectroscopy of Sm3+ ions in P2O5–PbO–Nb2O5 glasses. Physica B: Condensed 
Matter, 403, 3527-3534. 
Praveena, R., Vijaya, R. & Jayasankar, C. 2008b. Photoluminescence and energy 
transfer studies of Dy3+-doped fluorophosphate glasses. Spectrochimica Acta 
Part A: Molecular and Biomolecular Spectroscopy, 70, 577-586. 
Qian, B., Liang, X., Wang, C. & Yang, S. 2013. Structure and properties of calcium 
iron phosphate glasses. Journal of Nuclear Materials, 443, 140-144. 
Rajesh, D., Ratnakaram, Y., Seshadri, M., Balakrishna, A. & Krishna, T. S. 2012. 
Structural and luminescence properties of Dy3+ ion in strontium lithium 
bismuth borate glasses. Journal of luminescence, 132, 841-849. 
Ramteke, D., Balakrishna, A., Kumar, V. & Swart, H. 2017. Luminescence dynamics 
and investigation of Judd-Ofelt intensity parameters of Sm3+ ion containing 
glasses. Optical materials, 64, 171-178. 
 163 
Rani, S., Sanghi, S., Agarwal, A. & Ahlawat, N. 2009. Influence of Bi2O3 on optical 
properties and structure of bismuth lithium phosphate glasses. Journal of 
Alloys and Compounds, 477, 504-509. 
Rao, C. S. & Jayasankar, C. 2013. Spectroscopic and radiative properties of Sm3+-
doped K–Mg–Al phosphate glasses. Optics Communications, 286, 204-210. 
Rao, P. R., Pavić, L., Moguš-Milanković, A., Kumar, V. R., Kityk, I. & Veeraiah, N. 
2012. Electrical and spectroscopic properties of Fe2O3 doped Na2SO4–BaO–
P2O5 glass system. Journal of Non-Crystalline Solids, 358, 3255-3267. 
Rao, T., Kumar, A. R., Veeraiah, N. & Reddy, M. R. 2013. Optical and structural 
investigation of Sm3+–Nd3+ co-doped in magnesium lead borosilicate glasses. 
Journal of Physics and Chemistry of Solids, 74, 410-417. 
Rasool, S. N., Moorthy, L. R. & Jayasankar, C. 2013. Spectroscopic Investigation of 
Sm3+ doped phosphate based glasses for reddish-orange emission. Optics 
Communications, 311, 156-162. 
Ravi, O., Reddy, C. M., Reddy, B. S. & Raju, B. D. P. 2014. Judd–Ofelt analysis and 
spectral properties of Dy3+ ions doped niobium containing tellurium calcium 
zinc borate glasses. Optics Communications, 312, 263-268. 
Reddy, C. M., Dillip, G., Mallikarjuna, K., Ahamed, S. Z. A., Reddy, B. S. & Raju, B. 
D. P. 2011. Absorption and fluorescence studies of Sm3+ ions in lead 
containing sodium fluoroborate glasses. Journal of luminescence, 131, 1368-
1375. 
Reddy, C. P., Naresh, V., Ramaraghavulu, R., Rudramadevi, B., Reddy, K. R. & 
Buddhudu, S. 2015. Energy transfer based emission analysis of (Tb3+, Sm3+): 
Lithium zinc phosphate glasses. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 144, 68-75. 
Reddy, R., Ahammed, Y. N., Azeem, P. A., Gopal, K. R., Rao, T., Buddhudu, S. & 
Hussain, N. S. 2003. Absorption and emission spectral studies of Sm3+ and 
Dy3+ doped alkali fluoroborate glasses. Journal of Quantitative Spectroscopy 
and Radiative Transfer, 77, 149-163. 
Reduan, S., Hashim, S., Ibrahim, Z., Alajerami, Y., Mhareb, M., Maqableh, M., 
Dawaud, R. & Tamchek, N. 2014. Physical and optical properties of Li2O–
MgO–B2O3 doped with Sm3+. Journal of Molecular Structure, 1060, 6-10. 
Regos, A. N., Lucacel, R. C. & Ardelean, I. 2011. Structural study of xK2O·(100− 
x)[P2O5· CaO] glass system. Journal of materials science, 46, 7313-7318. 
164 
Saddeek, Y. B. 2004. Structural analysis of alkali borate glasses. Physica B: 
Condensed Matter, 344, 163-175. 
Saeed, A., Elbashar, Y. & El Kameesy, S. 2018. Optical Spectroscopic Analysis of 
High Density Lead Borosilicate Glasses. Silicon, 10, 185-189. 
Sahar, M., Hussein, A. W. M. & Hussin, R. 2007. Structural Characteristic Of 
Ns2OP2O5GeO2 glass systems. Journal of Non-Crystalline Solids, 353, 1134-
1140. 
Saleem, S., Jamalaiah, B., Jayasimhadri, M., Rao, A. S., Jang, K. & Moorthy, L. R. 
2011. Luminescent studies of Dy3+ ion in alkali lead tellurofluoroborate 
glasses. Journal of Quantitative Spectroscopy and Radiative Transfer, 112, 78-
84. 
Samee, M., Ahmmad, S. K., Taqiullah, S. M., Edukondalu, A., Bale, S. & Rahman, S. 
Mixed alkali effect in (40-x) K2O–xLi2O-10Na2O–50B2O3 glasses—physical 
and optical absorption studies. In:  International Journal of Modern Physics: 
Conference Series, 2013. World Scientific, 22, 261-267. 
Sava, B., Elisa, M., Boroica, L. & Monteiro, R. 2013. Preparation method and thermal 
properties of samarium and europium-doped alumino-phosphate glasses. 
Materials Science and Engineering: B, 178, 1429-1435. 
Schwarz, J., Ticha, H., Tichy, L. & Mertens, R. 2004. Physical properties of PbO-
ZnO-P2O5 glasses. I. Infrared and Raman spectra. Journal of optoelectronics 
and advanced materials, 6, 737-746. 
Selvaraju, K. & Marimuthu, K. 2013. Structural and spectroscopic studies on 
concentration dependent Sm3+ doped boro-tellurite glasses. Journal of Alloys 
and Compounds, 553, 273-281. 
Selvi, S., Marimuthu, K. & Muralidharan, G. 2015. Structural and luminescence 
behavior of Sm3+ ions doped lead boro-telluro-phosphate glasses. Journal of 
luminescence, 159, 207-218. 
Seshadri, M., Radha, M., Rajesh, D., Barbosa, L., Cordeiro, C. & Ratnakaram, Y. 
2015. Effect of ZnO on spectroscopic properties of Sm3+ doped zinc phosphate 
glasses. Physica B: Condensed Matter, 459, 79-87. 
Shannon, R. D. 1976. Revised effective ionic radii and systematic studies of 
interatomic distances in halides and chalcogenides. Acta crystallographica 
section A: crystal physics, diffraction, theoretical and general crystallography, 
32, 751-767. 
 165 
Sharma, Y., Surana, S., Dubedi, R. & Joshi, V. 2005. Spectroscopic and radiative 
properties of Sm3+ doped zinc fluoride borophosphate glasses. Materials 
Science and Engineering: B, 119, 131-135. 
Shelby, J. & Schubert, U. 1997. Introduction to glass science and technology. 
Angewandte Chemie-English Edition, 36, 2248-2248. 
Shih, P., Ding, J. & Lee, S. 2003. 31p Mas-Nmr and FTIR analyses on the structure of 
CuO-containing sodium poly-and meta-phosphate glasses. Materials 
Chemistry and Physics, 80, 391-396. 
Shih, P., Yung, S. & Chin, T. 1998. Thermal and corrosion behavior of P2O5-Na2O-
CuO glasses. Journal of Non-Crystalline Solids, 224, 143-152. 
Shinde, K. N., Dhoble, S., Swart, H. & Park, K. 2012. Basic mechanisms of 
photoluminescence. Phosphate Phosphors for Solid-State Lighting. 
Springer.174, 110-119 
Sidek, H., Rosmawati, S., Talib, Z., Halimah, M. & Daud, W. 2009. Synthesis and 
optical properties of ZnO-TeO2 glass system. American Journal of Applied 
Sciences, 6, 1489. 
Silva, A., Correia, R., Oliveira, J. & Fernandes, M. 2010. Structural characterization 
of TiO2–P2O5–CaO glasses by spectroscopy. Journal of the European Ceramic 
Society, 30, 1253-1258. 
Sinouh, H., Bih, L., Azrour, M., El Bouari, A., Benmokhtar, S., Manoun, B., 
Belhorma, B., Baudin, T., Berthet, P. & Haumont, R. 2012. Elaboration and 
structural characterization of glasses inside the ternary SrO-TiO2-P2O5 system. 
Journal of Physics and Chemistry of Solids, 73, 961-968. 
Smentek, L., Wybourne, B. & Hess Jr, B. 2001. Judd–Ofelt theory in a new light on 
its (almost) 40th anniversary. Journal of Alloys and Compounds, 323, 645-648. 
Sobczyk, M., Starynowicz, P., Lisiecki, R. & Ryba-RomanowsKI, W. 2008. Synthesis, 
optical spectra and radiative properties of Sm2O3: PbO: P2O5 glass materials. 
Optical materials, 30, 1571-1575. 
Solé, J., Bausa, L. & Jaque, D. 2005. An introduction to the optical spectroscopy of 
inorganic solids, John Wiley & Sons. 
Sreedhar, V., Ramachari, D. & Jayasankar, C. 2013. Optical properties of 
zincfluorophosphate glasses doped with Dy3+ ions. Physica B: Condensed 
Matter, 408, 158-163. 
166 
Srihari, T. & Jayasankar, C. 2017. Spectral investigations of Sm3+-doped niobium 
phosphate glasses. Optical materials, 66, 35-42. 
Stefan, R. & Karabulut, M. 2014. Structural properties of iron containing calcium-
magnesium borophosphate glasses. Journal of Molecular Structure, 1071, 45-
51. 
Stefan, R., Simedru, D., Popa, A. & Ardelean, I. 2012. Structural Investigations of 
V2O5–P2O5–CaO glass system by FT-IR and EPR spectroscopies. Journal of 
materials science, 47, 3746-3751. 
Studenyak, I., Kranjec, M. & Kurik, M. 2014. Urbach rule in solid state physics. 
International Journal of Optics and Applications, 4, 76-83. 
Swapna, K., Mahamuda, S., Rao, A. S., Jayasimhadri, M., Sasikala, T. & Moorthy, L. 
R. 2013. Optical absorption and luminescence characteristics of Dy3+ doped 
Zinc Alumino Bismuth Borate glasses for lasing materials and white LEDs. 
Journal of luminescence, 139, 119-124. 
Szumera, M. 2014. MoO3 as a structure modifier of glasses from P2O5–SiO2–K2O–
MgO–CaO system. Materials Letters, 135, 147-150. 
Tanko, Y., Ghoshal, S. & Sahar, M. 2016a. Ligand field and Judd-Ofelt intensity 
parameters of samarium doped tellurite glass. Journal of Molecular Structure, 
1117, 64-68. 
Tanko, Y., Sahar, M. & Ghoshal, S. 2016b. Prominent spectral features of Sm3+ ion in 
disordered zinc tellurite glass. Results in Physics, 6, 7-11. 
Thieme, A., Möncke, D., Limbach, R., Fuhrmann, S., Kamitsos, E. I. & Wondraczek, 
L. 2015. Structure and properties of alkali and silver sulfophosphate glasses. 
Journal of Non-Crystalline Solids, 410, 142-150. 
Thirumaran, S. & Prakash, N. 2015. Structural characterization of some borate glass 
specimen by ultrasonic, spectroscopic and SEM studies. Indian Journal of 
Pure & Applied Physics (IJPAP), 53, 82-92. 
Thomas, S., George, R., Rasool, S. N., Rathaiah, M., Venkatramu, V., Joseph, C. & 
Unnikrishnan, N. 2013. Optical properties of Sm3+ ions in zinc potassium 
fluorophosphate glasses. Optical materials, 36, 242-250. 
Thombare, M., Joat, R. & Thombre, D. 2016. Glasses Study Physical Properties of 
Sodiumborophosphate. International Journal of Engineering Science, 8482. 
 167 
Thombre, D. & Thombre, M. 2014. Study of Physical Properties of Lithium-
borosilicate glasses. International Journal of Engineering Research and 
Development, 10, 9-19. 
Thulasiramudu, A. & Buddhudu, S. 2007. Optical characterization of Sm3+ and Dy3+: 
ZnO–PbO–B2O3 glasses. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 67, 802-807. 
Tong, M., Liang, Y., Li, G., Xia, Z., Zhang, M., Yang, F. & Wang, Q. 2014. 
Luminescent properties of single Dy3+ ions activated Ca3Gd7(PO4)(SiO4)5O2 
phosphor. Optical materials, 36, 1566-1570. 
Toyoda, S., Fujino, S. & Morinaga, K. 2003. Density, viscosity and surface tension of 
50RO–50P2O5 (R: Mg, Ca, Sr, Ba, and Zn) glass melts. Journal of Non-
Crystalline Solids, 321, 169-174. 
Umamaheswari, D., Jamalaiah, B., Sasikala, T., Kim, I.-G. & Moorthy, L. R. 2012. 
Photoluminescence properties of Sm3+-doped SFB glasses for efficient visible 
lasers. Journal of Non-Crystalline Solids, 358, 782-787. 
Umar, S., Halimah, M., Chan, K. & Latif, A. 2017. Polarizability, optical basicity and 
electric susceptibility of Er3+ doped silicate borotellurite glasses. Journal of 
Non-Crystalline Solids, 471, 101-109. 
Usman, A., Halimah, M., Latif, A., Muhammad, F. D. & Abubakar, A. 2018. Influence 
of Ho3+ ions on structural and optical properties of zinc borotellurite glass 
system. Journal of Non-Crystalline Solids, 483, 18-25. 
Velli, L., Varsamis, C.-P. E., Kamitsos, E., Möncke, D. & Ehrt, D. 2005. Structural 
investigation of metaphosphate glasses. Physics and chemistry of glasses, 46, 
178-181. 
Venkataiah, G., Jayasankar, C., Krishnaiah, K. V., Dharmaiah, P. & Vijaya, N. 2015. 
Concentration dependent luminescence properties of Sm3+-ions in tellurite–
tungsten–zirconium glasses. Optical materials, 40, 26-35. 
Venkatramu, V., Babu, P., Jayasankar, C., Tröster, T., Sievers, W. & Wortmann, G. 
2007. Optical spectroscopy of Sm3+ ions in phosphate and fluorophosphate 
glasses. Optical materials, 29, 1429-1439. 
Vijaya, N., Kumar, K. U. & Jayasankar, C. 2013a. Dy3+-doped zinc fluorophosphate 
glasses for white luminescence applications. Spectrochimica Acta Part A: 
Molecular and Biomolecular Spectroscopy, 113, 145-153. 
168 
Vijaya, R., Venkatramu, V., Babu, P., Jayasankar, C., Rodríguez-Mendoza, U. & 
Lavín, V. 2013b. Spectroscopic properties of Sm3+ ions in phosphate and 
fluorophosphate glasses. Journal of Non-Crystalline Solids, 365, 85-92. 
Wang, Y., Dai, S., Chen, F., Xu, T. & Nie, Q. 2009. Physical properties and optical 
band gap of new tellurite glasses within the TeO2–Nb2O5–Bi2O3 system. 
Materials Chemistry and Physics, 113, 407-411. 
Yousef, E., Hotzel, M. & Rüssel, C. 2007. Effect of ZnO and Bi2O3 addition on linear 
and non-linear optical properties of tellurite glasses. Journal of Non-
Crystalline Solids, 353, 333-338. 
Zhu, L., Zuo, C., Luo, Z. & Lu, A. 2010. Photoluminescence of Dy3+ and Sm3+: SiO2–
Al2O3–LiF–CaF2 glasses. Physica B: Condensed Matter, 405, 4401-4406. 
